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[Embodiments ] 

Embodiments of the present invention will be described 
below. 

Fig. 2 is a cross sectional view of an embodiment of a 
slipper according to the present invention. 

A base material 9 is made of steel. A sintered layer 8 
is formed on the side face of the base material 9 adjacent to 
a swash plate. The sintered layer 8 is essentially made of 
Fe and contains a solid lubricant. 

The embodiment will be described below in detail. 

It is preferable that a carbon steel be used as a steel 
of the base material in view of mechanical properties and the 
price, or the like. Particularly, a carbon steel having a 
tensile strength of not less than 30kgf /mm 2 is preferred. If 
a carbon steel of less than 30kgf/mm 2 is used, there is a 
possibility that a slipper may be deformed under high load. 

As a solid lubricant, for example, graphite, Pb, MoS 2 , 
or BN is preferred. These may be used singly or in 
combination. If graphite is used, it is preferable that 0.5 
to 5 wt% of the graphite be used. If graphite content is 
less than 0.5 wt%, anti-wearing property and lubrication by 
free graphite is insufficient. If graphite content is more 
than 5 wt%, the strength of the base material is decreased, 
and the segregation of graphite is caused when the base 
material is formed or the formability thereof becomes worse. 
It is more preferable that 2 to 4 wt% of graphite is used. 
On the other hand, if Pb is used, it is preferred that 8 to 
30 wt% of Pb be used. If less than 8 wt% of Pb is used, a 
sufficient lubricating property cannot be obtained. If more 
than 30 wt% of Pb is used, there are problems in which the 
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strength of the sintered layer is decreased and the slipper 
is deformed under high load. 

As components other than Fe, major constituents, for 
example, Cu and C are contained singly or in combination. 

Cu enhances the strength of the sintered layer. It is 
preferable that the amount of Cu is in the range of 1 to 10 
wt% with respect to the weight of all components. If less 
than 1 wt% of Cu is used, effects to increase the strength of 
the sintered layer due to the sintering properties are small. 
If more than 10 wt% of Cu is used, effects of anti-bind 
seizing property become saturated. If Cu is included, Sn may 
be included in combination therewith. Sn improves sliding 
properties and sintering properties of a portion made of Cu . 
It is preferable that 2 to 30 wt% of Sn is used with respect 
to the weight of Cu. If less than 2 wt% of Sn is used, the 
above-described effect is small. If more than 30 wt% of Sn 
is used, the sintered layer becomes brittle. 

On the other hand, C enhances the strength of the 
sintered layer. It is preferable that C is used at 0.04 to 
1.7 wt% with respect to the weight of Fe. If less than 0.04 
wt% of C is used, the sintered layer becomes soft. If more 
than 1.7 wt% of C is used, the sintered layer becomes 
brittle . 

Even if foreign matters are included at less than 3 wt% 
with respect to the weight of all components, the property of 
a slipper according to the present invention is not affected. 

Regarding the thickness of the sintered layer to be 
formed, if the size of the slipper is 1 7 . 5cJ> and 4mm in 
thickness, the thickness of 0.1 to 0.7mm is preferred. It is 
more preferable that the thickness is 0.3 to 0.5mm. If the 
thickness is less than 0.3mm, a solid lubricant, especially, 
Pb is vaporized and eluted and, thus a desired anti-binding 
property cannot be expected. 

If the thickness is more than 0.5mm, the plastic 
deformation property of the sintered layer is enhanced and, 
thus a space between the slipper and the swash plate occurs 
due to plastic deformation when a high load operation is 
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carried out. 

An example of a method for forming the sintered layer on 
the base material will now be described below. 

Blast processing is carried out on the side face of the 
base material adjacent to the swash plate by use of grain 
size no. 50. A mixed powder of the solid lubricant and 
powder in which Fe is the major constituent thereof is put on 
the side face adjacent to the swash plate and then is 
pressurized by the pressure of 5 to 8 tf/cm 2 . The mixed 
powder is heated to sinter the same at 800 to 1000°C for 20 
to 4 0 minutes, in a non-oxidative atmosphere. If the 
temperature is less than 800°C, the mixed powder is not 
sufficiently sintered. If the temperature is not less than 
1000°C and if Pb is included, cracks occur due to expansion 
of Pb. If the sintering operation is carried out for more 
than 40 minutes, Pb is vaporized. 

In the embodiment shown in Fig. 2, a coating layer made 
of metallic salt (for example, metallic soap) or oxide (for 
example, FeS) is formed on a surface of the base material. 

Embodiment 1 

Sample 1 of table 1 described below is phosphor bronze 
as a known material of a slipper, which is made of 10 wt% of 
Sn, 0.1 wt% of P and the remainder of Cu . Sample 2 is a 
material in which powder made of 3.5 wt% of Sn, 23 wt% of Pb 
and the remainder of Cu is sintered to a low-carbon steel. 
Sample 6 is a material according to the present invention, in 
which a mixed powder made of 5 wt% of Cu, 2 wt% of graphite, 
25 wt% of Pb and the remainder of Fe powder which contains 
0.6 wt% of C is put on a 0.3% carbon steel plate and is 
heated to be sintered at 950°C for about 30 minutes in non- 
oxidative atmosphere after being pressurized to adhere on the 
plate. 
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Table 1 


Components 
Sample No. 

Cu 

Sn 

Pb 

P 

Graphite 

Fe 

Known 
material 

1 

Remainder 

10 


0 . 1 



2 

Remainder 

3.5 

23 




Material 
according 
to the 
present 
invention 

6 

5 

0.4 

25 


2 

remainder 


A piece for a wearing test is taken from the above 
samples; and an anti-binding property test is carried out by 
use of a rotation-type wearing test machine. A material to 
wear the piece for a wearing test is made of spheroidal 
graphite cast iron which is hardened by high-frequency . The 
test condition is sliding speed: 12m/c, lubricant: oil for 
refrigerator, amount of lubricant: 40cc/min. A loading value 
at which seizing occurs is obtained by increasing the loading 
value at intervals of 50kgf/cm 2 to 20kgf/cm 2 . It takes 15 
minutes at each loading value. Table 2 is a result of the 
anti-bind seizing property test. 


Table 2 


Sample No. 

Loading value at which sintering occurs (kg) 

1 

100 

2 

120 

3 

More than 200 


A loading value, in which seizing occurs of a material 
according to the present invention, is higher than that of 
sample 1 as a known slipper and sample 2 in which copper- 
family sintered material is coated on a low-carbon steel 
plate. Thus, the material according to the present invention 
has good anti-binding property. 

Embodiment 2 

A mixed powder whose composition is described in sample 
no. 3. to 7 of table 3 is put on a carbon steel plate as a 
slipper base material, is heated at 950°C for 30 minutes in 
non-oxidative atmosphere to form a sintered layer having a 
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thickness of 0.4 to 0,7mm after being pressurized to adhere 
on the plate and, thus is supplied as a sample piece after 
being machined into a shape of a slipper by mechanical 
machining. As a comparative material, similar to the 
embodiment 1, phosphor bronze (sample no. 1) as a known 
material of a slipper and a material (sample no. 2) in which 
Cu-Sn-Pb-f amily sintered body is formed in a low-carbon 
steel. Fig. 4 shows conditions of anti-bind seizing property 
test by use of an actual slipper. Fig. 5 shows a result of 
the anti-binding property test using an actual slipper. 


Table 3 



Cu 

Sn 

Pb 

P 

Graphite 

Fe 

Known 
material 

1 

Remainder 

10 


0.1 



2 

Remainder 

3.5 

23 




Material 
according 
to the 
present 
invention 

3 

2 

0 . 1 

10 


1 

Remainder 

4 

3 

0.2 

15 


1.5 j 

Remainder 

5 

4 

0.4 

20 


1 . 5 

Remainder 

6 

5 

0.4 

25 


2 

Remainder 

7 

10 

0 . 5 

30 


4 

Remainder 


Table 4 


Conditions of anti-binding property test 

Sliding speed (m/s) 

14 

Load (kgf/cm*) 

30 I 


Table 5 



Sample no. 

The time that elapsed before sintering 
occurs 

Known 

1 

6 minutes 

material 

2 

9 minutes 

Material 

3 

10 minutes 

according 

4 

15 minutes 

to the 

5 

22 minutes 

present 

6 

25 minutes 

invention 

7 

25 minutes 


As is clear from table 5, comparing with sample no. 1 
and sample no. 2, the time that elapsed before sintering 
occurs is extremely long, even if little lubricant is 
supplied, for a material according to the present invention. 
In other words, the material according to the present 
invention can provide an extremely good slipper in which no 
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sintering or abnormal wearing occurs even if little lubricant 
is temporarily supplied in an initial operation or a normal 
operation . 

Fig. 6 shows comparative test conditions of the amount 
of wearing in the material of the present invention and a 
known slipper. As a comparative material, similar to the 
embodiment 1, phosphor bronze (sample no. 1) and a material 
(sample no. 2) in which a sintered body made of 3.5 wt% of 
Sn, 23 wt% of Pb and the remainder of Cu is formed in a low- 
carbon steel. 

Table 6 


Sliding speed (m/s) 

22 

Load (kgf /cm 2 ) 

Max 

95 

Min 

8 

The time of test ( hr ) 

600 


Fig. 3 shows a result of a comparative test of the 
amount of wearing. It is apparent from Fig. 3 that a 
material of the present invention has extremely high wear 
resistance in comparison with a known material. Among 
samples shown in Fig. 3, sample no. 6 has particularly high 
wear resistance. In other words, a swash-plate-type 
compressor provided with a slipper in which a sintered layer 
made of 1 to 5 wt% of Cu, 0.5 to 5 wt% of graphite, 8 to 30 
wt% of Pb and the remainder of Fe is formed on a steel 
material of the present invention, has a high wear resistance 
when sliding at high speed. The time elapsed before 
sintering occurs is extremely long even if little lubricant 
is temporarily supplied. Thus, the compressor has high 
durability and reliability in comparison with a known 
compressor . 
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(57) Abstract: COPYRIGHT: (C)1 984,JPO&Japio 

PURPOSE: To improve a high-load, high-speed 
characteristics, a resistance to abrasion and a 
resistance to seizing by a method wherein a sintered 
body layer, formed on the swash plate side surface of a 
slipper base member of steel, is constituted of the 
principal constituent of Fe and a solid lubricating 
agent is contained thereinto. 

CONSTITUTION: The base member 9 of the slipper 3 is 
made of steel having a tensile strength higher than 
30kg/mm 2 and the surface of the base member 9 is 
provided with a coating layer 10 consisting of metal 
salt or metal sulfide. The surface of the base member 9 
at the side of the swash plate 2 is formed with the 
sintered body layer 8 of 0.1W0.7 thick, which is 
consisting of 1W10wt% of Cu, 8W30wt% of Pb, 
0.5W5wt% of graphite of solid lubricating agent and a 
balance of Fe. According to this method, the resistance 
to abrasion becomes prominent even under the 
high-speed sliding condition, the durable time against 
seizing becomes longer even under a condition that 
lubricating oil does not exist temporarily, and the 
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